This paper describes a new resistor formation technique, characterized by the use of our unique hybrid IC substrate (IMST substrate) and the electroless nickel plating on it.
INTRODUCTION
Power-transistor circuits usually require low-value resistors in series with the emitter of the powertransistor for the purpose of circuit protection and stabilization. Metal film cement resistors are generally used for them. Power thick film hybrid ICs using ceramic substrate may rarely have built-in low-value power resistors. Their materials are usually screenprinting conductive pastes such as Au-Pt paste. These materials are high cost and may be difficult to control the resistance.
Our hybrid IC system is a unique one designated as IMST (Insulated Metal Substrate Technology). [1] [2] [3] This This substrate, as its cross-sectional view are shown in Figure 1 , consists of three kinds of material: aluminium, epoxy and copper. The epoxy will limit the processing temperature below 300C and does not permit to use such cermet pastes as Au-Pt paste, which must be processed at a higher temperature over 600C.
We were looking for a proper system for low-value power resistors, compatible with conventional IMST system and also of low cost and high precision. As its proper system, electroless nickel plating was considered to be applicable. Electroless plated nickel contains such an impurity atom as phosphorus, boron and cobalt, and consequently exhibits a higher resistivity than pure metal. Electroless nickel-phosphorus alloy film has been used as a resistive material of metal film cermet resistors. Figure 4 , in accordance with the fact that the film thickness is directly proportional to the plating time (see Figure 5 ).
This normal relation implies that any film in the thickness range examined will have the same structure and physical property. These characteristics will enable us to make the resistance control simple and also to get a wide sheet resistivity range. temperature, pH and rocking rate. The resistance decreases with the increasing temperature, as shown in Figure 6 . The temperature effect is so great that our plating system is designed to keep the temperature fluctuation within +_ 3 .0% and the deviation of the mean between the rack will be less than 5%, depending on the control method.
The resistance tolerance of-+15% will be attained without trimming.
APPLICATION
The nickel resistor system has been applied to some of IMST audio power hybrid ICs. As an example, Figure 10 . First, the emitter resistors of nickel alloy are electroless plated and then conventional IMST processes succeed. The plating process is basically the same as described previously in the section of bath evaluation. In Table III shown are the specifications of the STK1050. The building-in of the emitter resistors has brought such advantages as the design flexibility of printed circuit board and the availability of a relatively low distortion at a high frequency range, of course including the reduction of total cost. 3) Heat treatment of 200C for 6 hours in air was enough to offer the excellent resistor properties.
4) The resistors obtained from the standard plating condition had a sheet resistivity of 0.7 ohm per square with a film thickness of 2.5/m. *Standard plating condition: 90C, 3 min, pH 5.8.
5) The percentage standard deviation of resistance values was 2.5 to 3.0% per a plating rack which contained 300 to 420 IC substrates. The variation of the mean between the racks was less 3%, providing the resistance tolerance of +--15% without trimming.
